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INTRODUCTION 
Analytical chemistry has become one of the most important 
branches of chemistry because of its over increasing scope in modern 
age. Chemical analysis is the first approach for exploring a possibility of 
applications of any material for a particular purpose. Modern 
sophisticated frequently used instrumental techniques such as IR, UV, 
NMR, Mass spectrometry etc. made it possible to elucidate the 
microstructure of molecular species and to identify and determine the 
substances in the highest state of purity. NMR spectroscopy is based 
upon the measurement of absorption of electromagnetic radiation in the 
radiofrequency region of roughly 4-600 MHz, which corresponds to a 
wave length range of about 75 to 0.5 m. In contrast to ultraviolet, visible 
and infrared absorption, nuclei of atoms rather than outer electrons are 
involved in the absorption process. NMR is one of the most powerful 
tools available to the chemist and biochemist for elucidating the 
structure of both organic and inorganic species. Infrared spectroscopy 
finds wide spread application to qualitative and quantitative analysis. Its 
single most important use has been for identification of organic 
compounds whose spectra are generally complex and provide numerous 
maxima and minima that are useful for comparison purposes. In most 
instances, the infrared spectrum of an organic compound provides a 
unique finger print which is readily distinguished from the absorption 
patterns of all other compounds. Electron spectroscopy is a powerful 
tool for the identification of all the elements in periodic table with the 
exception of hydrogen and helium. Most important, the method permits 
determination of the oxidation state of an element and the type of 
species to which it is bonded. The technique provides useful information 
about the electronic structure of molecules. Electron spectroscopy has 
been successfully applied to gases and solids and more recently to 
solutions and liquids. Raman spectroscopy was discovered by Indian 
Physicist C.V. Raman in 1928. It has provided a useful tool for certain 
limited types of quantitative analysis; it has also been applied to 
structural studies of both organic and inorganic systems. Raman 
spectroscopy consists of 3 components an intense source, a special cell 
and a spectrometer. Raman spectra are obtained by irradiating a sample 
with very intense monochromatic radiation and examining the wave. 
Raman technique is superior to studying inorganic systems. X-ray 
spectroscopy, like optical spectroscopy, is based upon measurement of 
emission, absorption, scattering, fluorescence and diffraction of 
electromagnetic radiation. Such measurements provide much useful 
information about the composition and structure of matter. Emission 
spectroscopy is based upon the more energetic atomization sources 
namely the inductively coupled plasma (ICP). The direct current plasma 
(DCP), the electric arc and electric spark. Emission spectroscopy is 
based upon the line spectrum produced by excited atoms and ions. 
Absorption spectroscopy is based upon ultraviolet or visible radiation 
find wide application for the qualitative and quantitative determination 
of molecular species. 
Ultraviolet and visible atomic spectra are obtained after 
atomization, a process by which the molecular constituents of a sample 
are decomposed and converted to atomic particles. Mass spectrum is 
obtained by converting components of a sample into rapidly moving 
gaseous ions and resolving them on the basis of their mass-to-charge 
ratios. The technique is capable of providing quantitative and qualitative 
information about both the atomic and molecular composition of 
inorganic and organic materials. 
Voltammetry comprises a group of electroanalytical methods in 
which information about the analyte is derived from the measurement of 
current as a function of applied potential obtained under conditions that 
encourage polarisation of the indicator or working electrode. Working 
electrode due to small surface area enhances polarization. Such 
electrodes are called as microelectrode. 
Historically, the field of voltammetry developed from the 
discovery of polarography by the Czechoslovakian chemist. Jaroslav 
Herovsky in the early 1920s. Polarography, which is still most widely 
used of all voltammetric methods, differs from the others in the respect 
that a mercury electrode serves as the microelectrode; usually, this 
electrode takes the form of a droping mercury electrode (DME). The 
applications of voltammetric methods to the qualitative and quantitative 
determination of a host of inorganic and organic species. 
In analytical chemistry we are mainly concerned with the various 
types of separation, detection and determination. The detection and 
determination of a substance sometimes requires its separation from 
interfering impurities. The separation is the very basis of analytical 
chemistry. E.W. Berg (1) has given a concise account of separation 
techniques. Besides the classical separation methods such as filtration, 
fractional distillation, precipitation and crystallization which are not 
only time consuming but often involve complications. Chromatography 
and ion exchange have been emerged as very important analytical 
technique for tackling diverse types of separation problems. 
Ion exchange is one of the most versatile techniques of analytical 
chemistry, exchangeable ions in the exchanger phase by ions of like 
charge from a solution. If an ion exchanger containing exchangeable 'A' 
ions is brought in contact with a solution containing 'B ' ions then the 
exchange process may be represented by the equation: 
A + B B + A 
Barred symbols denote the exchanger phase. 
It is a reversible process and an equilibrium is eventually set up in 
which some of the 'A' ions initially present in the exchanger phase have 
been replaced by 'B ' ions from the solution. The extent to which one ion 
is adsorbed in preference to another i.e., the selectivity is of 
fundamental importance in all applications of an ion exchanger. It 
determines the efficiency of a process in which the exchanger is used to 
recover ions from dilute solutions and the case with which these ions 
can be subsequently removed from the exchanger phase. It also 
determines the readiness with which two or more substances, which 
form ions of like charge can be separated by ion exchange 
chromatography. 
Although the technique of ion exchange is of recent origin but its 
history is very old. Ion exchange now-a-days is a standard analytical 
tool and is widely used in various separations. This phenomenon was 
discovered in 1850 by two agricultural chemists Thomson and Way 
(2,3). In 1955 two British chemists Adams and Holms (4) discovered the 
utility of synthetic resin based on cation and anion exchangers. Aristotle 
(5) suggested a method for purifying sea water by filtering it through a 
certain type of soil. A scientific study of these processes was, however, 
made only in the middle of the last century when different soils were 
investigated (6) and the ion exchange properties of zeolites were 
explored (7). Harms and Rumpler (8) synthesized the first 
aluminosilicate based ion exchanger in 1903, while FoUin and Bell (9) 
first applied a synthetic zeolite for the collection and separation of 
ammonia from urine. The industrial production and technical 
applications of the ion exchangers were studied by Gans(lO). However, 
since these materials are generally unstable in acid and alkaline 
solutions, they are of only little importance for the separation of metal 
ions. 
A search for a- stable ion exchanger was started to overcome the 
limitations poised by zeolites and clays. In 1931 KuUgren (11) found 
that copper was taken up by sulfite cellulose when the cellulose was 
washed with water. He used this material for the removal of copper 
present in water as a contaminant. Organic ion exchangers were 
recognized after an interesting discovery by Adams and Holms in 1935. 
They found that crushed phonograph records exhibit ion exchange 
properties. This led them to the synthesis of organic ion exchange resins 
which exhibit an improved properties over the previously known ion 
exchangers. These resins consist of three-dimensional networks of 
polymeric chains cross-linked with short chains containing ionizable 
functional groups. Various improvements were made in these resins. A 
typical resin is prepared by polymerization of styrene and 
divinylbenzene. The number of cross linkages is governed by 
divinylbenzene to styrene ratio. A representative type of strong cation 
exchange resin is Dowex SOW X8, manufactured by DOW chemical Co., 
Midland Mich.. Organic ion exchange resins are stable towards acids, 
bases and common oxidizing and reducing agents. Their structure can be 
varied as desired. An increase in cross linkage increases the rigidity, 
reduces swelling and the solubility of polymeric material. Organic resins 
are being used comfortably in laboratory and industries for separations, 
recoveries of metals, purification of water, concentration of electrolytes 
and elucidation of the mechanism of great many reactions. Several 
commercial resins, both cation (strong and weak acid) and anion (strong 
and weak base) exchangers are available for these purposes. A third type 
is amphoteric ion exchange resin, which has only a few applications. 
Organic ion exchangers also suffer from certain limitations. They 
are unstable in aqueous systems at high temperatures and in the presence 
of ionizing radiations. This led to a revived interest in inorganic ion 
exchangers. Inorganic ion exchangers are unaffected by ionizing 
radiations and are considerably temperature resistant. This makes them 
suitable for use in reactor technology. Their rigid structure makes them 
more suitable for separation of ions on the basis of different pore sizes. 
They can also be used as ionic or molecular sieves. High selectivity and 
temperature resistance offer them an advantage for use as ion exchange 
membranes. Their selectivity have also been utilized for the preparations 
of ion selective electrodes which has now become important tools for 
solving various analytical problems. A large number of synthetic 
inorganic ion exchangers have been developed during the past years. 
The materials produced by combining group IV metal oxides with the 
more acidic oxides belonging to groups V and VI of the periodic table 
were first reported to possess the ion exchange properties. These 
materials were prepared by combining (12-15) arsenic, molybdic, 
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tungstic and phosphoric acids with Ti, Sn, Th and Zr. The products were 
extremely insoluble. Ion exchangers of this type were developed chiefly 
at the Oak Ridge National Laboratory (Oak-Ridg-Tenn) and at the 
Atomic Energy Research Establishment (Howell, England). Later on 
more materials of this type were prepared and studied. Since these 
materials are rigid, swelling is not appreciable and hence theoretical 
treatments such as thermodynamics and kinetics are much simpler than 
those for organic resins. The zeolite lattice consists of Si04 and AIO4 
which have their 0-atoms in common. Since Al is trivalent, lattice 
carries -ve electric charge. This charge is balanced by alkali or alkaline 
earth cations which do not occupy fixed positions but are free to move 
in the channels of lattice framework. These ions act as counter ions and 
can be replaced by other cations. These materials can swell only in one 
dimension by increasing their interlayer distance. However, the resin 
matrix is more elastic and can be expanded by taking up solvent. The 
extent of swelling depends upon the degree of cross-linking. Highly 
cross-linked resins are harder and more resistant to mechanical break 
down. 
Inorganic ion exchange materials have been classified by Veseley 
et al. (16) into following five groups: 
(1) Hydrous oxides . 
(2) Acidic salts of multivalent metals 
(3) Salts of heteropoly acids 
(4) Insoluble ferrocyanides 
(5) Alumino silicates. 
The hydrous oxide type of ion exchangers possess bivalent, trivalent, 
tetravalent and hexavalent atoms in their structures. Hydrous beryllium 
oxide, BeO I7H2O (17) acts as cation and anion exchanger. The mixture 
of Mg(0H)2 with Fe(0H)3 or A1(0H)3 has been successfully used for 
the sorption of traces of radio active ions. Ferric hydroxide, alumina and 
aluminium hydroxide are the examples of trivalent metal hydroxides and 
are used in TLC. Hydrous oxides of tetravalent metals includes Si02, 
SnOi, Ti02, Th02, Zr02 and Mn02. They act as cation exchanger in 
alkaline medium. Tsuji (18) described the selectivity of hydrous Mn02 
for alkali metals. Inue et al. (19) have studied the isotopic exchange rate 
of sodium ions between hydrous stannic oxide in the Na^ form and 
aqueous solution of sodium salt. A mixture of Zn(0H)2 and A1(0H)3 
(mixed hydrous oxide) has been successfully employed for ^^ S and ^^ P 
decontamination from waste solution (20). Pseudomorphic iron 
hydroxide and hydrous alumina are the most studied hydroxides of 
tetravalent metals and show amphoteric nature with distinct isoelectric 
points. TLC separations of metal ions have been widely studied on 
hydrous alumina. Among the hydrous oxides of pentavalent metals, 
antimonic acid has shown some variety of applications owing to its 
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reasonable rate of adsorption and desorption when used in column 
operation (21). 
A number of compounds have been described in this group of 
exchangers. The important ion exchange materials in this group are 
zirconium(IV), thorium(IV), titanium(IV), cerium(IV), tin(IV), 
aluminium(III), iron(III), chromium(III), uranium(VI) and anions are 
phosphate, arsenate, molybadate, tungstate, antimonate, silicate, 
vanadate and oxalate etc.. These act as cation exchangers and 
chemically vary on the conditions under which they are precipitated. 
They possess high temperature chemical and radiation stability 
(20,21,22). The cation exchange properties arise from the presence of 
readily exchangeable hydrogen ions, associated with the anionic groups 
present in the salts. Zirconium phosphate is the most extensively studied 
inorganic ion exchange material. It shows amorphous (23) 
semicrystalline (24) and crystalline (25) properties, Clearfield et al and 
others have tried to solve the structure of a-zirconium phosphate (26-
32). It has found potential applications in ion exchange membranes, 
especially in hydrogen-oxygen fuel cells, electrodialysis (33-35) and 
artificial kidney machines to remove ammonium ion (36) apart from 
these other applications lying in nuclear field (37-42). 
The parent acids of these salts are 12-heteropolyacids with 
general formula Hm X Yi204o.nH20 where m = 3,4 or 5 and X can be 
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taken as phosphorus, arsenic, silicon, germanium or boron; and Y is one 
of the elements as molybdenum, tungsten or vanadium. Smit and Robb 
(43^ 44) explored the ion exchange mechanism of such materials. 
Molybdophosphate with strong base exchange properties constitute most 
widely studied group of heteropoly acids. Qureshi and Qureshi (45) have 
presented a review on the applications of ion-exchange methods in 
radiochemical separations, which are needed in activation analysis, 
waste processing, fuel processing or reactor coolant and water 
purifications. Three component ion-exchangers both of which (46) are 
more selective and stable than the two component ion-exchangers than 
the simple salts. 
Insoluble ferrocyanides are also used as inorganic ion exchangers. 
These materials produced by mixing metal salts solutions with 
H4[Fe(CN)6], Na4[Fe(CN)6] or K4[Fe(CN)6] solutions (47). Precipitates 
with various composition are formed, depending on the acidity, order of 
mixing and initial ratio of the reacting components. Pure compounds 
with limiting compositions M%[Fe(CN)6] (M^ = Ag), M2^^ [Fe(CN)6] 
(M "^" = Zn, Cd, Cu, Co, Ni, Mn), Mj^ M "^" [Fe(CN)6] (M '^M^" = (CsZn, 
HCu, KCo, KNi, HMn ), M^M^^[Fe(CN)6] M'-M^'^ = NaFe, KFe, RbFe. 
Ms"" Ms^^ [Fe(CN)6]2 (M^M^^ = HZn, NaZn, KZn, HCo), and M4"'M4^'' 
[Fe(CN)6] (M^M^"" = RbNi, KNi). 
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Ferrocyanide molybdate was studied by Baetsle et. al (48), who 
determined structures by X-ray studies. Amine based metal 
ferrocyanides were first introduced by Hahn and Clein (49) who 
prepared a cobalt ammine ferrocyanide. Insoluble ferrocyanides have 
found various applications in analytical chemistry and in technological 
practice because of their highly selective ion-exchange behaviour and 
satisfactory chemical and mechanical properties. 
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Aluminosilicates are classified into three main groups. Amorphous 
substances, two dimension layered aluminosilicates as synthetic 
analogue of clay minerals and three dimensional structures (zeolites). 
The greatest attention has been paid to synthetic zeolites, as their 
molecular and ion-selective properties are useful for specialized 
analytical applications. The general formula for zeolites is MXn[(A102)x 
(Si02)y]zH20 where M is a metal cation with valence n and y/x usually 
varies from 1 to 5. Zeolites and their sorption properties are 
characterized by the free diameter of their cages, windows, inner 
channels and unit cell compositions. Synthetic aluminosilicates can be 
approximately related to their naturally occurring analogues. Some 
important compounds are Fanjasite, Mordenite, Heulandite, Amalcite, 
Linde-T, Chabazite ZK5, ZK4, Clinoptilolite, Phillipsite, Linde-X, 
Lindey and Linde-A. 
The discovery of ion exchange resins with three dimensional 
network obtained by polymerization of organic monomers has resulted 
in a breakthrough in separation science. The organic ion-exchange resins 
are the beads of highly polymerised cross-linked organic materials 
containing a large number of acidic or basic groups. The use of weak 
acid cation exchange resin for the removal of permanent hardness and 
inversion of sugar with cation exchange resin are pertinent examples. 
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The backbone, of organic ion-exchange resins, is generally a styrene-
divinyl benzene copolymer. Copolymers of acrylic acid derivatives and 
divinyl benzene are also frequently used. A list of commercial ion-
exchange resins is given in table 1.1. 
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The first polymerization type of ion-exchanger was produced by 
D'Alelio (62) in 1945. Organic ion-exchanger resins have much better 
properties. These resins are stable towards acids and bases in common 
solvents including aliphatic and aromatic hydrocarbons and easy to 
handle. Organic ion-exchange resins have been used for various purpose 
in laboratories and industries and for separation and recovery of metal 
ions, demineralization of water and elucidating the mechanism of many 
reactions (63). 
Earlier ion-exchange methods were applied in various fields such 
as ion exchange treatment of sea water (64), environmental analysis 
(65), metal treatment in drinking water (66) and in water 
demineralization (67, 68), removal of heavy metals from river water 
7-(- 94-
(69), determination of Ca and Mg (70), CI2 and N2 determination in 
water (71), the production of water used in pharmaceutical purposes 
(72), treatment of waste water containing Hg (72), separation of heavy 
metals on chelating resins (74), separation and preconcentration of 
Cr(VI) from Cr(III) (75), for the chromatography of biopolymer (76), 
separation of amino acids (77) and phenolic compounds (78), clinical 
and pharmaceutical processes (79), extraction of uranium from sea water 
(80). 
In recent years the nature of ion exchange resins is being modified 
by incorporating them with certain chelating agents. These modified 
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resins show a definite selectivity towards certain ions or group of ions. 
Thus the chelating ion exchangers are useful in removal of trace metals 
and toxic elements from industrial wastewater. These chelating resins 
prepared by immobilization of chelating agents on various reports 
(81,82). The studies have been done on loaded resins for separation (83-
89). Ion exchange resins incorporated with aromatic complexing agents 
containing sulfonic acid groups is useful for separation of metal ions. 
The selectivity of these modified resins depends upon the nature of the 
functional groups of the ligand. Various studies have been performed on 
these modified resins which have been summarized in Table 1.2. 
On the basis of distribution coefficient (Kd), metal ions can be 
selected for separations. The metal ion of higher distribution coefficient 
can be separated from the metal of lower distribution coefficient. The 
distribution coefficient is expressed by the equation. 
Amount of ion (A) present in exchanger phase /g of resin 
K d = ^ 
Amount of ion (A) present in solution phase /g of resin 
Distribution coefficient (Kj) may be determined to calculate the 
separation factor, which may be regarded as a measure of possible 
separation. 
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Amount of ion (A) present in exchanger phase /g of resin 
K d = 
Amount of ion (A) present in solution phase /g of resin 
Distribution coefficient (K^) may be determined to calculate the 
separation factor which may be regarded as a measure of possible 
separation. 
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The thermodynamic studies of ion exchange on synthetic 
inorganic ion exchangers have been of great interest because of their 
rigid structure, little swelling and relatively small changes in water 
content between different cationic forms of the inorganic ion 
exchangers as compared to organic ion exchange resins. 
Thermodynamics is the fundamental approach for describing 
equilibria and helps in evaluating the exchange process occurring on 
the surface of exchanger and to understand its theoretical behaviour. 
Two different approaches have been put forward for' this purpose. 
The first approach is based on designing an elaborate model which 
gives a semi quantitative picture about physical cause of ion 
exchange phenomena. However, the choice of model is crucial and 
insufficient towards rigorous treatment. In the second approach 
attempts have been made to correlate the activities with some 
measurable quantities in the thermodynamic equations. The earliest 
approaches were based on semi empirical equations to fit in 
experimental results. Probably, the first time, quantitative formation 
of ion exchange equilibria was made by Gane (104) using the mass 
action law in its simplest form without involving the concept of 
activity coefficient. This concept was further accounted by Kielland 
(105) and finally, a suitable choice of general treatment was given 
by Gains and Thomas (106). 
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The particular use of thermodynamic equilibrium constant (Kg) is 
made to find out the free energy changes in the ion exchange processes. 
The ionic selectivity, governed by the lowering of free energy of the 
system is an important factor which gives the information about the 
preferential uptake of the counter ion by the ion exchanger. The 
enthalpy changes of the system may also be evaluated from the Ka 
values at different temperatures. The enthalpy change in the property 
most directly related to the changes in the number of strength of the 
bonds in ion exchange reactions. The overall entropy will reflect the 
changes in randomness in ion exchange of equally charged ions and the 
driving force being the tendency of the system to go to the most 
probable, that is the most random state. Thermodynamic determinations 
for all ion exchange processes were performed by Liliane and Claudio 
(107) on crystalline a-titanium hydrogen phosphate and thermodynamic 
functions of different valence ions at different temperatures were 
determined by Timofeevskaya (108). 
The term chromatography is derived from two Greek words 
'Chrome' and 'Graphy' meaning colour and writing respectively. 
Initially the chromatography was regarded as a branch of analytical 
chemistry where the studies were based on colours. Although the 
meaning of the term is largely understood by chemists, a good definition 
of chromatography is difficult to formulate. It is a collective term to 
methods which appear diverse in some regards but share certain 
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common features. A definition should emphasize that components of a 
sample are distributed between two phases, but this alone is inadequate 
because we do not wish the term to embrace all the separation process. 
Chromatography defined by Classidy (109) and Keulemans (110) 
received wide acceptance in the past. 
At about the end of 19*'' Century, Davy observed the 
compositional changes in Crude petroleum when it came in contact with 
rocks. A Russian botanist M. Tswett was attracted towards the fact that 
the crude petroleum is derived from the plants which were buried 
millions of years ago under the earth's crust while a rock is not much 
different from CaCOs from the chemical point of view. M. Tswett 
packed a narrow glass tube with CaCOs and passed petroleum ether 
extract of chlorophyll and other plant pigments through the column. M. 
Tswett found plant pigments separated and he published two research 
papers (111, 112). The importance of Tswett work was realized in 1931 
by a prominent organic chemist R. Kuhn and his coworkers when they 
used chromatographic system similar to that used by Tswett and 
separated natural products (113, 114). All the known type of 
chromatography can be put in four groups liquid-solid, gas-solid, liquid-
liquid and gas-liquid, in liquid-solid and gas-solid mobile phase is liquid 
and gas respectively. Liquid-solid is also known as TLC where 
stationary phase is a solid supported on an inert plate in a plane. Gas-
solid is known as gas chromatography. If the mobile phase is liquid 
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(liquid-liquid partition chromatography) or if it is a gas, it is called gas-
liquid chromatography. Liquid column chromatography is a liquid-
liquid chromatography in which one of the liquid is held by the inert 
solid acts as a stationary phase (Sheets of paper). 
Liquid chromatography refers to the chromatography technique 
in which mobile phase is liquid such as liquid-solid sorption 
chromatography and column chromatography. This has been extensively 
used for the fractionation and separation of organic mixtures both for 
preparative and analytical purposes. Modern liquid chromatography has 
been called high performance or high-pressure liquid chromatography 
(HPLC). It has become the standard technique for column separation 
because of its increased speed, resolution, sensitivity and its 
convenience for quantitative analysis. The advances of HPLC first come 
to the attention in 1969. However, it began in the late 1950s with the 
introduction of automated amino acids analysis by Spackman, Stein and 
Moore (115). It has been especially useful in the separation of drugs and 
their metabolites and in the analysis of such normal constituents of cells 
as steroid nucleotides (116, 117). Mass spectrometer and stopped flow 
UV scanning technique online with HPLC has been applied in the 
identification of peaks in complex biological mixtures to eliminate the 
errors of post chromatographic sample handling (118). In modern LC 
closed, reusable columns are employed, so that hundred of individual 
separations can be carried out in a given column. Detection and 
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quantitation are achieved with continuous detectors of various types 
(119). 
Ion exchange chromatography came into existence in late 1960s 
(120) with the introduction of routine amino acids analysis. Basically, 
the one same technique was later extended to the analysis of literally 
hundreds of different compounds in physiological fluid. It has also been 
proved to be extensively useful for the separation of inorganic ions 
(especially rare earths) multi-component alloys, heavy metals in 
industrial effluents and fission products of radioactive elements 
(121,122). Ion pair chromatography as adapted to modern LC is of 
comparatively recent origin being first applied in the mid 1970s. The 
rapid acceptance of ion pair chromatography as a new high performance 
liquid chromatography owes much to Arhland et al. (122). The current 
popularity of IPC arises mainly from the limitations of exchange 
chromatography and from the difficulty in handling certain samples by 
the other liquid chromatographic methods. This method permits the 
rapid, selective separation of ionizable molecules, drugs, biogenic 
amines, dyestuffs etc. and amenable to both microanalytical and 
preparative use (124, 125). 
Size exclusion chromatography has been applied to solve widely 
different separation problems. It is also known as gel permeation or gel 
filtration chromatography and is used for separating high molecular 
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weight components such as proteins and nucleic acids. It is commonly 
divided into the techniques of gel filtration chromatography using 
aqueous solvents, and gel permeation chromatography using organic 
solvents for application to water soluble and organic soluble samples 
respectively. It is widely used for fractionating and obtaining the 
molecular weight distribution of cellulose and its derivatives (126, 129). 
Gas chromatography is a method for separating components of 
mixtures of volatile compounds. The technology and application of gas 
chromatography are almost completely independent of other 
chromatographic techniques. Gas chromatography can provide more 
information in a directly supplanted mass spectrometry to somewhat 
lesser extent. IR is also used for online analysis of multi-component 
streams. 
Planar chromatography has found wide spread use in forensic 
chemistry, identification of drug sample and analysis of ink in suspected 
forgery cases. It includes paper chromatography (PC), thin layer 
chromatography (TLC) and electrophoresis. 
In 1850 Runge published a book on paper chromatography (130) 
and in 1889 Beyerinck on thin layers of gelatin (131). It was however, 
the work of Consden et. al (132) that put PC in the form we know today. 
Electrophoresis is the study of migration of particles under the 
influence of an electric field. It was first introduced by a Russian 
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Physicist, Reuss (133) in 1809 and used by Michaelis (134) in 1909 to 
describe the movement of colloidal particles in an electric field. It has 
been used in separation of high and low molecular weight substances 
such as lipoproteins, amino acids and metal ions (135, 136). Nabi et al. 
(137) studied the paper electrophoretic separation of phenolic 
compounds and quantitatively determined some important phenols in 
human blood serum. Nabi and coworkers have also performed 
separations of a-amino acids by paper electrophoresis and quantitatively 
analyzed some important amino acids in pharmaceutical samples (138). 
The advances in EP leads to the development of capillary 
electrophoresis which has found the acceptance for the rapid and 
efficient separation of especially biopolymers (139, 140) and in the field 
of DNA (141) and pharmaceutical analysis (142). Pulse field capillary 
gel electrophoresis is now emerging as a promising technique for the 
separation of nucleic acids as well as biopolymers (143). 
The various kinds of supporting media which have been 
frequently used in zone electrophoresis include filter paper, starch, agar, 
glass wool, resins, silica gel, asbestos etc.. It has been found that 
substances of low molecular weight separate better with high potential 
gradients and substances of high molecular weight with low potential 
gradients. 
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TLC is a type of the liquid chromatography in which stationary phase is 
in the form of layer supported by glass plate, aluminium foil or plastic sheet. As 
originally developed in 1939 and still widely practiced today, classical capillary 
action TLC in an inexpensive, rapid, simple and highly effective analytical 
technique requiring little instrumentation. A suitable development chamber 
containing mobile phase and a TLC plate is all that is required to carry out 
qualitative as well as quantitative analysis. TLC is highly selective and flexible 
because of the availability of a great variety of layer materials and wider choice 
of mobile phases. Following are some purposes for which the TLC is of help. 
(i) Identification of substances 
(ii) Separation of two or more components of a mixture 
(iii) Determination of amount of particular species present in a sample 
(iv) Preconcentration or preparation of a sample. 
(v) Study of relative polarity of any solid-liquid or liquid-liquid phase. 
In 1966, Pelick et. al (144) presented a tabulation of significant 
developments in TLC and provided translation of classical studies made by 
Izmailov and Schraiber and by Stahl. In continuation, the history of TLC was 
reviewed by Heftman (144), Stahl(146), Kirchner (147-149), Jork and Wimmer 
(150), Wintermeyer (151) and Sherma (152). From the historical point of view, 
some achievements made in history of TLC are enlisted in Table 1.3. 
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Table 1.3 Important years in the history of TLC 
Year Chromatographer (s) and their work Ref. (S) 
1938 Izamailov and Schraiber made unbound alumina layers 153 
and applied the drops of solvent to the plate to separate 
certain medicinal compounds. The procedure was called 
"drop chromatography" 
1949 Meinhard and Hall, using drop chromatography; 154 
separated Fe^^ and Zn^ "^^  on microscope slides coated 
with alumina (adsorbent) + starch (binder) 
1951 Kirchner et. al used glass plates to support the layer, 155. 
developed the plates by ascending technique and coined 
the term chromatostrip for his layers. 
1958 E. Stahl introduced the term chromatography and 156,157 
standardized the materials, procedures and 
nomenclature involved in TLC. 
1965 Przybylowicz et. al discussed the importance of 158 
precoated TLC Plates. 
1976 Zlatkis and Kaiser modernized TLC in the form of a 159 
highly instrumental technique and named as high 
performance TLC (HPTLC). 
1979 Tyihak et. al applied extra force for the movement of 160 
solvent and introduced over pressurized layer 
chromatography (OPLC) 
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In the liquid chromatography, one of the solvents acts as a mobile 
phase that moves through interparticular space among the particles of 
stationary phase which carries the solute particles. The migration of 
solute over stationary phase depends upon the relative interactions of 
stationary/mobile phase on the solute. In a TLC system, the Rp can be 
expressed as the migration of analyte species on the chromatoplate. It 
can be calculated as, 
Distance moved by the sample 
RF=-
Distance moved by the solvent 
Both the distances are measured from the point of application. In other 
words, 
RL + RT 
R F = 
Where, RL and Rj values are Rp of leading and trailing fronts of the spot 
respectively. The Rp values varies from 0.00 (sample remains at the 
point of application) to 1 (sample migrate with the solvent front). An 
improved version of TLC has been introduced and referred to high 
performance thin layer chromatography by Pretorias (161) that is 
advantageous compared to HPLC and GC in many aspects and has been 
widely used (162-165). It is based on electroosmotic flow and has been 
used frequently for the separation and determination of large number of 
31 
substances (166-170). Coupling techniques for TLC with various 
spectroscopic methods (MS, IR, atomic emission) have improved the 
minimum detectable quantity of sample (171-174). Affinity thin layer 
chromatography, which combines the use of solid phase bound antigen 
and conventional TLC, was shown to be a simple, rapid and self 
contained system for assaying the immunoreactive fraction of radio 
labelled antibodies (175). 
A large number of coating materials such as silica gel, alumina, 
kieselguhr and cellulose have been widely used as adsorbents. Other 
materials which can be used as adsorbents in TLC include magnesium 
silicate, calcium phosphate, activated charcoal, polyamide, silica gel, 
alumina, acetylated cellulose and hydrated ferric oxide. Alumina is 
preferred for the separation of weakly polar compounds while silica gel 
is preferred for polar compounds like sugars, amino acids etc. Cellulose 
powder is recommended as adsorbent for the separation of cations 
although the separations may be slower than that of silica gel. 
The ion exchange property of the adsorbent plays a more 
prominent role than its simply adsorption behaviour. Sherma and Fried 
(176) in their review have maintained the analytical capabilities of 
synthetic inorganic ion-exchangers in TLC. Inorganic ion exchange 
materials which have been used in TLC have been classified into four 
categories. 
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(1) Thin Layers of hydrated oxides 
(2) Thin layers of insoluble metal salts of polybasic acids. 
(3) Thin layer of metal ferrocyanides 
(4) Thin layer of heteropolyacids. 
Thin layer of hydrated oxides 
For the first time, zirconium oxide was used for the separation of 
metal ions by Zabin and Rollins (177). Berger et al. used for the study of 
ferrocyanide, ferricyanide and sulfocyanide (178-179). Kirchner et al. 
(180) separated terpenes. The separation of Bi^^ from ternary and 
quaternary synthetic mixtures was performed by Sen and coworkers 
(181). Sen also studied some anions on stannic oxide (182). Rathore et 
al (183) have separated citric acids from 10 carboxylic acid on calcium 
sulphate, ammonium molybdate, zinc oxide and titanium oxide thin 
layer plates. Amino phenols were chromatographed on titanium oxide by 
Grace (184) Cremer and Seidal (185) studied the movement of various 
anions on indium oxide plates. 
Nabi et. al (186) successfully separated some common pesticides 
and pyrethroid insecticides (187) on mixed stannic oxide-silica gel 'G' 
and hydrous zirconium oxides layers respectively. 
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Thin layers of insoluble metal salts of polybasic acids 
Zirconium phosphate was preferably used by Zabin and Rollins 
(188) for the separation of cations and by Qureshi et. al (189) for the 
separation of pesticides and phenols. For the chromatography of 
cations, Keonig and Demiel (190), Albert! (191), Keonig and Gary (192) 
and Srivastava et. al (193) used the layer of zirconium hypophosphate, 
titanium phosphate, cerium phosphate and cerium molybdate 
respectively. Stannic phosphate was used by Yin et. al (194) for the 
separation of noble metals. Qureshi et. al worked on stannic arsenate 
(195-197) and antimonate (198). Qureshi and coworkers prepared 
stannic tungstate layers for the study of metal ions for selective 
separation of gold (199). Chromatography of fifty seven metals was 
performed by Hussain et. al on stannic arsenate layers (200). Nabi and 
coworkers used stannic tungstate for the separation of amino acids (201) 
and phenols from tea, coca and grapes (202) and also worked on stannic 
sulphosalicylate (203) for the separation of uranium from metal ions. 
Srivastava (204) used ammonium molybdate impregnated silica gel for 
TLC of 32 synthetic dyes. Sherma et. al (205) have reported the 
movement of 47 metal cations on stannic arsenate. Bismuth tungstate 
has been used (206) for thin layer chromatography of organic acids. 
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Thin layers of metal ferrocyanides 
Fog and Wood (207) chromatographed 16 samples of 
sulfonamides on thin layer of zinc ferrocyanide. Kawamura (208) 
analyzed the alkali metal ions on the same material. 
Thin layers of heteropolyacid salts 
Lesigang separated alkali metal ions on thin layers of ammonium 
phosphodeca molybdate, arsenododecamolybdate, germano-dodeca 
molybdate and oxinum and pyridinium germanododeca molybdates in 
ammonium nitrate systems (209, 210). Lepri and Desideri (211) utilized 
ammonium molybdophosphate and tungstophosphate for TLC 
separations of thirty five aromatic amines sulphonamides and peptides. 
Ammonium phosphomolybdate layer impregnated with silica gel has 
been used for separation of cesium by Kaletca (212). Srivastava et. al 
(213, 214) have successfully separated metal ions and amino acids on 
pyridinium tungstoarsenate. Tin (V) arsenosilicate and arsenophosphate 
were studied for the separations of alkaline earths, transition metals and 
amino acids (215, 216). Stannic molybdosilicate impregnated with silica 
gel, alumina or cellulose used for the separation of cations and anions 
by A. Mohammad (217). 
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Antibiotics defined as chemical substances which, when excreted, 
interfere with the growth or metabolism of other microorganism, such 
compounds are known as antibiotics. Therefore, antibiotics are 
chemotherapeutic agents. In 1929, Fleming discovered a mould of the 
penicillium species, which inhibited the growth of certain bacteria. The 
antibiotics cover a wide range of compounds of different chemical 
structures. Penicillin is a name given to the mixture of natural 
compounds having the molecular formula C6H]iN204SR differing only 
in the nature of R. Synthesis of penicillins was carried out by Sheehan 
et. al. (1957, 1959). Ultimately penicillin was introduced as a successful 
antimicrobial drug. In addition, penicillins in combinations provide a 
broader spectrum of antibacterial activity and may be advantageously 
prescribed in cases of |3-lactamase-producing strains. 
Ampicillin and amoxycillin are members of |3-lactam antibiotics 
widely used for the treatment of commonly occurring bacterial 
infections. A number of chromatographic procedures have been 
proposed for the analysis of penicllins (218-226). 
(a) 
(b) 
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INTRODUCTION 
Ion exchange resins with large surface area and macroporous 
structure have been incorporated with various complexing agents to 
enhance their selectively for the separation and recovery of metal ions 
(1-8). Aromatic complexing agents containing the sulfonic acid group 
are useful for separation of metal ions on to an anion exchange resin. 
Dowex 1-X8 loaded with sulfonated azo dyes (9) have been found to 
separate copper and nickel. Azothiopyrine disulfonic acid (10) has been 
incorporated on anion exchange resin for the uptake of mercury, copper 
and cadmium from aqueous solutions and pyrogallolsulfonic acid (11) 
for the separation and enrichment of Mo , V and Fe . Nabi et al. 
have incorporated bromophenol blue (12) eriochrome Black T (13) and 
Congo red (14) onto amberlite IRA-400 resin and successfully applied 
for the separation of mercury and chromium from other metal ions. It is 
to be expected that anion exchange resin loaded with alizarin red-s 
would be useful in the analysis because the presence of sulfonic acid 
group could form complexes with metal ions. 
The present work has, therefore, been undertaken as an effort to 
use alizarin red-s as complexing agent for the selective separation of 
metal ions on strongly anion exchange resin, amberlite IRA-400. The 
objective of this paper is to describe a simple and effective method for 
the separation of Fe^ "^  and Hg^ "^  from other metal ions. 
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EXPERIMENTAL 
Materials 
Amberlite resin IRA-400 of mesh size 20-50 in chloride from 
(BDH, England), disodium salt of ethylenediaminetetraacetic acid (S.D. 
fine chemicals, India), alizarin red-s (E. Merck, Germany) and all other 
reagents used were of analytical reagent grade. 
Apparatus 
Spectrophotometer (Bausch and Lomb, Spectronic-20), digital pH 
meter (model Ll-10 T) and a temperature controlled shaker were used. 
Determination of adsorption isotherms 
Sorption of alizarin red-s was studied under static condition at 
pH-7. The 0.2 g of amberlite resin IRA-400 was equilibrated with 50 ml 
of solution of different concentrations of alizarin red s for 24 h at 
temperature 28±2°C. The equilibrium concentration of alizarin red-s in 
the solution phase was then determined spectrophotometrically at 420 
nm. The results are shown in fig. 2.1 . 
Effect ofpH on the adsorption 
Effect of pH has also been studied in order to choose optimum pH 
for maximum adsorption of alizarin red-s on resin. The 0.2 g resin was 
shaken for 24 h with the constant concentration (0.58x10"^ )imol/ml) of 
alizarin red-s at different pH. The pH values of the solution were 
adjusted by adding desired amount of buffer solution. The equilibrium 
concentrations of the alizarin red-s in the supernatant liquid were 
determined spectrophotometrically at 420 nm for pH 1-7 and 560 nm for 
pH 8-10 (fig. 2.2) . 
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Determination of distribution coefficient (Kd) of metal ions 
The distribution coefficients (Kd) of metal ions on modified resin 
were determined in various solvent systems by batch method. The 0.4 g 
of resin beads were shaken continuously with 40 ml of solution 
containing metal ion and appropriate solvent for 6 h at 28±2°C in a 
shaker. The amount of metal ion present before and after equilibrium 
was determined by titrating against standard solution of disodium salt of 
ethylenediaminetretraacetic acid (EDTA) as titrant (15). The Kj values 
were calculated by using the formula: 
m moles of metal ion in exchanger phase /g of exchanger 
K, = (ml/g) 
m moles of metal ion in solution phase /ml of solution 
Quantitative separation of metal ions 
The elution technique was used for the quantitative separation of 
metal ions on modified resin. The 2.0 ml mixture of a pair of metal ion 
solution was poured onto a glass column (height 35 cm; internal 
diameter 0.8 cm) containing 1.5 g resin. It was then allowed to pass 
through the column with a flow rate of 8-10 drops/minute. The mixture 
forms the initial zone at the top of the bed. The elution of metal ion was 
done with appropriate eluting reagent in the usual member keeping the 
constant flow rate of 10-12 drops/minute throughout the elution process. 
The eluted metal ion was determined titrimetrically using a standard 
disodium salt of EDTA solution. Table 2.2 describes the result of some 
important quantitative binary separation of metal ions. For the selective 
separation of Fe^ "^  and Hg^^ from a synthetic mixture containing other 
metal ions, different amounts of Fe^^ and Hg^ "^  were mixed with Ap^, 
Ni^^ Cu^\ Co^^ and Mg^^ Ca^^ Sr^ "", Pb^^ and Zn^^ respectively. The 
mixture (2.0 ml) of metal ions was added to the column and allowed to 
pass through the column with comparatively slow rate of 8-10 
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drops/minute. The elution was first carried out using citric acid. Tiie 
Fe^ "*^  was strongly retained by the resin while other metal ions of the 
mixture were eluted together with 50 ml of citric acid. Fe was then 
eluted with 1.0 M HCl solution. Quantitative separation of Hg from 
the mixture of metal ions carried out in the similar way as the separation 
of Fe was done. The Hg strongly interacts with the resin in citric 
acid medium and therefore could not be eluted. The eluted fraction 
contains only the mixture of Mg "^", Ca^*, Sr^^, Pb "^" and Zn "^". The Hg^ 
was then recovered from the column by using 1.0 M HNO3 solution. The 
results of these separations are given in table 2.3. 
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50 100 150 200 250 
Loading (nmole x10''/ml) 
300 350 
Fig. 2.1 Adsorption isotherm of alizarin red-s on Amberlite IRA-400 at fixed pH-7. 
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0^ 6 
10 12 
pH 
Fig. 2.2 Uptake of alizarin red-s on Amberlite IRA-400 as a function of pH. 
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RESULTS AND DISCUSSION 
The adsorption isotherm (fig. 2.1) of alizarin red-s on amberlite resin at 
pH-7 shows a straight line which obeys Langmuir's isotherm and 
maximum uptake of alizarin red-s was to be 1.58x10 |Limol/0.2 g. Fig. 
2.2 reveals the pH dependence of the sorption of alizarin red-s on resin. 
It has been found that the maximum uptake (0.49x10"^ iimol/0.2 g) in the 
pH region 1-4 occurs at pH-2 while in the pH region beyond 4, the 
maximum uptake (0.50x10'* |imole/0.2 g) takes place at pH-7. The pH-7 
has, therefore, been chosen for adsorption of alizarin red-s on this 
material. The dispersion forces arising from the aromatic nature of resin 
and complexing agent seems to be responsible for the sorption of 
alizarin red-s (5). The hydrophobic nature of styrene matrix of amberlite 
IRA-400 resin appears to be an excellent support for the sorption of 
alizarin red-s. Sorption behaviour of metal ions on alizarin red-s sorbed 
resin in different solvent systems has been reported in Table 2.1. 
However, there was no particular trend of Kj values observed. But Kd 
9-4-
values for Hg have been found exceptionally high in all solvent 
systems studied. Fe has shown higher retention in aqueous citric acid 
system. Differences in Kj values were due to the fact that resin 
incorporates complexing agent alizarin red-s by n bond, which in turn 
reacts with metal ions to form metals complexes having different 
stability constants. The stronger the complex formed the more strongly 
the metal ion will be retained. In order to demonstrate the separation 
capability of the material, a few binary separations of metal ions have 
been actually achieved. Only those separations have been tried which 
appear to be possible on the basis of Kj values and reported in Table 
2.2. 
The utility of this material for the selective separation of Hg^^ and 
Fe from other metal ions have been actually demonstrated by 
64 
separating different amounts of Hg^^ and Fe^ "" from a synthetic mixture 
of other metal ions (Table 2.3) on a small column of this material 
CONCLUSION 
Alizarin red-s sorbed anion exchange resin has been found to show 
differential selectivity for a number of metal ions. Columns of this material 
successfully were utilized for the selective separation of iron from a synthetic 
mixture of a number of metal ions. The material can be used to remove and 
isolate Fe and Hg from a natural source of water or from industrial 
effluents. 
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Table 2.2 Few binary separations of Fe^^ , Hg^^ and A P ^ from other cations 
on amberlite IRA-400 resin sorbed with alizarin red-s. 
Mixture of 
metal ions 
Fe^^ 
Al^^ 
Fe^" 
Ni^" 
Fe^" 
Co^" 
Fe^^ 
Zn'" 
Fe^" 
Cu^" 
Pb^" 
Hg^^ 
Zn^" 
Hg^" 
Mg^^ 
Al^ -^  
Ca^" 
Al^" 
Amount 
loaded 
(mg) 
5.53 
2.70 
5.23 
5.63 
5.81 
5.66 
5.53 
8.5 
5.53 
5.15 
20.72 
18.46 
7.84 
18.46 
2.43 
2.64 
3.93 
2.64 
Amount 
found 
(mg) 
5.53 
2.67 
5.50 
5.63 
5.72 
5.66 
5.42 
8.43 
5.45 
5.21 
20.72 
18.45 
7.84 
18.35 
2.43 
2.67 
3.93 
2.59 
% 
Recovery 
100.00 
98.89 
99.46 
100.00 
98.45 
100.00 
98.01 
99.17 
98.55 
101.16 
100.00 
99.95 
100.00 
99.40 
100.00 
99.24 
100.00 
98.10 
Vol. of 
effluent 
(ml) 
50ml 
50ml ' 
50mi 
50ml 
50ml 
60ml 
50ml 
60ml 
50ml 
50ml 
50ml 
60ml 
50ml 
60ml 
50ml 
60ml 
50ml 
60ml 
Fluent used 
(ml) 
1 MHCl 
Citric acid(O.OlM) 
1 MHCl 
Citric acid(O.OlM) 
1 MHCl 
Citric acid(0.05M) 
1 MHCl 
Citric acid(O.OlM) 
1 MHCl 
Citric acid(O.OlM) 
Citric acid(0.05M) 
1 M HNO3 
Citric acid(0.05M) 
1 M HNO3 
Demineralized water 
2 MHCl 
Demineralized water 
2 MHCl 
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Table 2.3. Separation of Fe-^ "^  from synthetic mixture of Al^ "^ , Ni^ "^ , Co^ "^  and 
Cu^ "^  on the column of amberlite IRA-400 sorbed with alizarin 
red s. 
s. 
No. 
1 
2 
3 
Amount of 
Fe^^ 
loaded 
(mg) 
3.96 
5.30 
6.50 
Amount of 
r 3+ 
Fe 
found 
(mg) 
3.90 
5.15 
6.50 
% 
Recovery 
98.48 
97.17 
100.00 
Vol. of IM 
HCl used for 
complete 
elution of Fe ^ 
(ml) 
50ml 
50ml 
50ml 
Vol. of 0.05 M 
Citric acid used for 
elution of metal 
ions except Fe ^ 
(ml) 
50ml 
+2 2+ ,2+ Table 2.4. Separation of Hg from synthetic mixture of Mg , Ca , 
.2+ -2+ Sr^^, Pb^^ and Zn^ "" on the column of amberlite IRA-400 
sorbed with alizarin red s. 
s. 
No. 
1. 
2. 
3. 
Amount of 
Hg'" 
loaded 
(mg) 
3.00 
4.20 
5.20 
Amount of 
Hg'" 
found 
(mg) 
2.90 
4.20 
5.15 
% 
Recovery 
96.67 
100.00 
99.04 
Vol. of IM 
HNO3 used for 
the complete 
elution of Hg^^ 
(ml) 
50 
50 
50 
Vol. Of 0.05 M 
citric acid used for 
elution of metal 
ions except Hg^^ 
(ml) 
50ml 
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Fig-2.4 Separation of Zn^ -^  from Fe^" 
69 
10 
Q 
UJ 
<*-
O 4 
"o 
> 
Citric acid (O.OIM) 
0 10 20 30 40 50 60 70 80 90 100 
Vol. Of effluent (ml) 
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CHmCR -3 
ion e^cHmce CQumm of ^Lmuae emn nemi mo 
HVDROG6I1 lOh^ oti mmic memre. 
INTRODUCTION 
Equilibria on synthetic organic resins have been studied by 
several authors (1-2). The thermodynamics of ion exchange on inorganic 
ion exchangers is considerably simplified as compared to organic ions 
exchange resins due to their rigid structure, with little swelling. The first 
study on ion exchange equilibria on zirconium phosphate dealt with the 
Li''-H'',Na''-H^ and K^-H^ exchange (3). Baetsle (4) reported the ion 
exchange equilibria for Rb^, Cs^, Sr^, Ca^ "*", Ce^ "^  and Eu^^ with hydrogen 
ion on zirconium phosphate. Abe, Amphlett, Nancollas, Costantino and 
Toracca performed some studies on ZrP (zirconium phosphate) for alkali 
metal ions (5-11). Ion exchange isotherms for Li^ -K"*^  exchange were 
studied by Alberti and Costantino on crystalline ZrP (12). Abe and 
Furuki (13) studied exchange equilibria of alkali metal ions with 
hydrogen ion on tin antimonate. Dyer et al (14) have studied the ions 
exchange behaviour of Sr and Cs isotopes on various ionic forms of 
amorphous zirconium phosphate. A new approach of diffusion of cations 
through layers formed by reaction products has been employed to study 
the thermodynamics of alkaline earth metals ion exchange on titanium 
hydrogen phosphate (Yanoslavtev and Khrulev) (15). The alkali metal 
ion/H^ equilibria on tin (IV) antimonite has been studied at different 
temperatures (Kenta and Abe) (16) and alkali metal ions / H^ equilibria 
on manganese dioxide has been examined thermodynamically by Tanaka 
and Tsuji 1997 (17-18). Ion exchange equilibria have also been studied 
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by Rawat et al. (19) on ferric antimonate. A few studies have been made 
on stannic arsenate by Shrivastava, Shakshooki and A. Mohammad (20-
22). This paper describes ion exchange equilibria of Mg^^-H" ,^ Ca^-H^, 
Sr^ "^ -H^ and Ba^" -^H^ on stannic arsenate at constant ionic strength in the 
temperature region from 30 °C to 60 °C, and the thermodynamic data 
were calculated for understanding the mechanism of ion exchange. 
EXPERIMENTAL 
Materials 
Stannic chloride pentahydrate (Loba) and sodium arsenate 
(B.D.H.) were used. All other chemicals used were of analytical grade. 
Synthesis 
The material was synthesized by gradual addition of an aqueous 
solution of 0.1 M solution of sodium arsenate to a 0.1 M stannic 
chloride solution in 0.1 M HCl while stirring the mixture constantly. 
The final mixing ratio v/v was 2:1. The precipitate was washed with 
distilled water several times by decantation till the chloride ions were 
completely removed. The absence of chloride ions in the filtrate was 
confirmed using an AgNOs solution. The precipitate was then filtered 
with a suction pump. The final product was then dried in an oven at 
50°C. The dried product was broken into small granules by simply 
immersing in distilled water. The granules were again washed several 
times with distilled water and dried at 50 °C. The granules were kept in 
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a 0.1 M HCl solution for 24 hour to convert to H^ form. The material is 
amorphous as revealed by X-ray studies. The ion exchange capacities of 
the material for different alkaline earth Mg, Ca, Sr, Ba, are 0.77 mmol/g, 
1.04 mmol/g, 1.03 mmol/g and 1.31 mmol/g respectively. 
Determination of maximum uptake 
A sample of stannic arsenate in the H^ form (0.5 g) was shaken 
continuously with 20 ml of a 0.1 M metal nitrate solution for 5 h 
employing a temperature-controlled shaker at a particular temperature to 
ensure complete conversion into the desired metal ion form. To effect 
the reverse exchange, a stannic arsenate sample in the respective metal 
ion form (0.5 g) was equilibrated for 5 h with 20 ml of a 0.1 M aqueous 
solution of HNO3. The metal ion released into solution was determined 
by complexometric titration using 0.01 M solution of the disodium salt 
of ethylenediamine tetra acetic acid, (EDTA) in the presence of EBT 
indicator at pH 10. 
Ion Exchange Isotherms 
The equilibrium experiments were performed using a batch 
technique. For the forward reaction a sample of stannic arsenate in the 
H"^  form (0.4 g) was treated with 40 ml of a solution containing varied 
ratios of alkaline earth metal nitrate/nitric acid but with a constant ionic 
strength of 0.01 mol/kg. Such solutions were shaken continuously for 5 
h at different temperatures of 30°C, 40°C, 50°C and 60°C, respectively. 
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The exchanger after equilibration with the metal ion solution was 
separated by filtering the supernatant liquid through Whatmann paper 
no. 1. 
In the reverse process the ion exchanger stannic arsenate in the 
alkaline metal ion form corresponding in weight to 0.4 g in hydrogen 
form was treated with 40 ml of a mixture of alkaline earth metal nitrate 
and nitric acid solutions maintaining the ionic strength at 0.01 mol / kg. 
THEORETICAL ASPECTS 
For divalent metal ions/ H^ on stannic arsenate, the ion exchange 
> ' .,an^ A'Zad ,/.^ 
reaction may be written as: 7 ' / / f^^^f^ 
2H+ +M2+ O M ' * +2H+ \ ' j "^y NV^..S^. , (J) 
\->^ J.- I 
where the barred quantities refer to the exchange^jjltase and unlja/re^to 
the solution phase. "' •^~-^ * 
The selectivity coefficient values for alkaline earth metal ion 
exchange with hydrogen form of stannic arsenate were calculated from 
Barrer & Townsend (1976) (23) 
A. , .A. J. .3 , 
^.=^f " " (2) 
where X ,+ and X , are the equivalent fractions of metal ion and 
hydrogen ion, respectively, in the exchanger phase, XM2+ and XH+ are the 
mole fractions of metal ion and hydrogen ion, respectively, in the 
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solution phase, and yM^ and yH are the activity coefficients of metal 
ion and hydrogen ion, respectively, in the solution phase. 
The values of activity coefficients, y;, in solution where calculated 
using the Debye-Huckel equation: 
, A.Zf-^VM^ (3) 
1+ B.aj ^Jyi 
where A and B are constants, ai the ion size parameter, \x the ionic 
strength and Zi the charge on the ion i. The values of A, B and a-i were 
taken from Preiser and Fernado (1966) (24). 
The thermodynamic equilibrium constant, Ka, was calculated 
from the expression given by Gains and Thomas (1953) (25). 
InK, =Z - Z 2+ + flnK .^dX 2+ (4) 
0 
The values of Kg were obtained with the help of InKc as a function of 
Xj^ 2+ plots. 
The standard free energy change AG° for the exchange process 
was calculated from the thermodynamic equilibrium constant using 
equation: 
TJ T 
InK, (5) AG° = -
H"' M2+ 
••a 
z„+.z 
where R is the universal gas constant, T the absolute temperature and 
ZM2+, ZH+ the valencies of complexing metal ion species and hydrogen 
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ion. The standard enthalpy change, AH^ was calculated using the Van't 
Hoff equation: 
AH»=-Ri: i5 |^ (6) 
AH° was evaluated from the plots of InKa versus I/T. 
The standard entropy change, AS^ was then calculated by the 
relation: 
AG° = AH° - TAS*^  
A S ^ . ^ M l z ^ (7) 
RESULTS AND DISCUSSION 
The maximum uptake of inorganic ion exchanger has been known 
to vary with the nature of metal ions and their concentration. It was 
observed from table 3.1 that alkaline earth metal ion / hydrogen 
exchange had dependence on temperature. However, the maximum 
uptake varies with the nature of metal ions. It increases in the order 
0-4- 14- 04- 04-
Mg < Ca < Sr < Ba which is in line with their effective ionic radii 
and is parallel to the hydrated ionic radii. As the hydrated ionic radii 
decrease the uptake was found to increase. A similar sequence in the 
maximum uptake for alkaline earth metals has also been observed on 
ferric antimonate (19). Alberti (26) quoted similar trends, at higher 
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loading of ions in the exchanger phase, as one follows the size of the 
hydrated ions, the least hydrated ion, being the most preferred by ZrP. 
Table 3.1. Maximum uptake of alkaline earth metal ions on stannic 
arsenate at different temperatures. 
Metal ion 
Mg2-^  
Ca^" 
Sr^" 
Ba^" 
Effective ion 
Radius 
(A") 
0.72 
1.00 
1.16 
1.36 
Hydrated 
ionic radius 
_iA!i 
10.8 
9.6 
9.4 
8.8 
Tem. 
CC) 
30^ ± 1 
40*^1 1 
50° ± 1 
60° ± 1 
30°+ 1 
40° ± 1 
50° ± 1 
60° ± 1 
30°+ 1 
40°+ 1 
50° ± 1 
60° ± 1 
30°+ 1 
40° ± 1 
50°+ 1 
60° ±1 
Max uptake 
(mequi./g) 
0.15 
0.17 
0.20 
0.26 
0.20 
0.23 
0.25 
0.30 
0.21 
0.23 
0.26 
0.32 
0.34 
0.35 
0.38 
0.44 
The equilibrium was obtained for both forward and reverse ion 
exchange for the alkaline/ H"" ion system within 5 h. The checking of the 
exchange process for all the metal ions at 30°C showed them to be 
reversible. No inconsistencies that might have arisen from the hydrolytic 
degradation of the exchanger (hysteresis) were seen. Therefore, the 
results of reverse exchange can be plotted on the same isotherm curve as 
the forward exchange at 30°C. 
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^ig- 3.1 Ion exchange isotherm for Mg^V H"" on stannic arsenate'at different 
temperatures. 
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Fig. 3.2 Ion exchange isothenn for Ca^V H^ on stannic arsenate at different 
temperatures. 
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Fig. 3.8 Plots of the logarithm of the selectivity coefficients for Ba^^ / H' 
exchange vs the equivalent fraction of Ba^ "" ion in the exchanger phase. 
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The ion exchange isotherms for the systems of alkaline metal ion / 
H^ in the temperature range 30-60°C are shown in figure 3.1-3.4. In the 
presence of H"^  small amounts of Mg^^ and Ca^ "^  were taken into the 
stannic arsenate phase, which is reflected by the presence of ion 
exchange isotherms below the diagonal. Ba^ "^  was clearly preferred over 
H^ by the exchanger. Sr^ "^  was selected preferentially only at 60°C. 
However, all the exchange processes are temperature sensitive and 
selectivity was found with the increase in temperature based on the 
classification (of ion exchanger isotherms) given by Abe (27). Those 
isotherms are of the type where the exchange does not go to completion 
although the entering cation is initially preferred and the degree of 
exchange gives a value lower than unity. 
The selectivity of the exchangers can be measured in terms of Kc, 
which is the quantitative measure of the preference of the exchanger for 
one ion over the other. The plot of InKc vs X 2+, which are referred to 
Kielland plots, are shown in figure 3.5-3.8. It is apparent that InKc 
varies with the amount of metal ions in the exchanger phase (X 2+), and 
hence Ka can be evaluated. 
The thermodynamic selectivity was extremely high for Ba^ "^  and 
found to decrease in the following order Ba^ "^  > Sr^ "^  > Ca^ "^  > Mg^^ and 
in accordance to the ionic radii as expected. As the hydrated ionic radii 
increase the uptake of the metal ions decrease. The same sequence for 
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alkali metal ions was also reported by M. Abe (5). The AG*^  values were 
negative for all the metal ions indicating a natural tendency of the 
exchange process to occur spontaneously (table 3.2). 
Table 3.2. Thermodynamic parameters for the alkaline earth metal 
ions/hydrogen ions exchange on stannic arsenate at various 
temperatures and constant ionic strength^. 
Temperature ^ AG^^ AS^ AI? 
Exchange p^^ ^ ^^ (kJ/equiv) (kJ/equiv) (kJ/equiv) 
Mg'"/H^ t n i ; VlV^ .^Ts -noAQ -19.00 
ca'7H" : : ^ : -19.19 
30+1 
40+1 
50 ±1 
60 ±1 
30+1 
40+1 
50+1 
60 + 1 
30+1 
40+1 
50+1 
60 ±1 
30 ±1 
40+1 
50 ±1 
60+1 
7.80 
10.22 
12.21 
15.78 
8.22 
10.48 
12.81 
17.15 
13.24 
14.54 
15.56 
19.39 
38.67 
42.90 
50.45 
64.59 
-2.59 
-2.93 
-3.15 
-3.47 
-2.74 
-3.06 
-3.32 
-3.70 
-3.47 
-3.59 
-3.69 
-3.98 
-5.06 
-5.20 
-5.43 
-5.77 
-0.054 
-0.051 
-0.049 
-0.047 
-0.054 
-0.051 
-0.049 
-0.046 
-0.027 
-0.026 
-0.024 
-0.023 
-0.034 
-0.032 
-0.031 
-0.029 
Sr /H ^^ , , ^zz^ -i cc\ n AO/1 -11.64 
B ^ ' H ^^ , , ^n / i ^ a A-2 n n a i -15.31 
^lonic strength = 0.01 mol/kg throughout 
The entropy loss was an indication of greater order produced in 
the forward reaction when metal ions entered into the exchanger phase. 
It reflects the difference in the solution entropy of H"^  and alkaline earth 
metal ions. Extrapolation in figure 3.1-3.8 was done as reported in 
earlier studies by Rawat (19) and Nabi (28). 
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INTRODUCTION 
Amino acids are units of proteins, which are the principal materials of skin, 
muscle, tendons, nerves, blood, enzymes, antibiotics and many hormones. 
Chromatography has long been used as a separation technique, for amino acids. 
Inorganic ion exchange materials have been frequently used for separation of 
metal ions (1-3). As far as the separation of organic compounds is concerned 
they have been seldom used. Papers impregnated with titanium arsenate and 
zirconium phosphate have been used for the separation of amino acids (4-9) and 
alkaloids (10). Starmic tungstate cation exchanger has been utilized for the 
separation of amino acids by L. Lepri et al (11). L. Lepri et al (12) used mixture of 
ammonium tungstophosphate and silanized silica gel and ammonium 
tungstophosphate molybdophosphate layers for the separation of amino acids. 
Sleckman, Sherma and Joseph (13) studied on retention behaviour of nine 
essential amino acids on silica gel, cellulose and cation exchanger (Fixion strong 
acid). Subrata & Basak (14) utilized silica gel G for identifications of amino acids. 
Ruzhilo et al. (15) separated amino acids on thin layer of chitin. Bhushan et al 
(16) used silica gel impregnated with zinc, cadmium and mercury using 
some new solvent systems. 
This chapter describes the potential of the stannic 
arsenate-cellulose mixed layers for the separation of a- amino acids. 
Studies on a- amino acids have been chosen due to their biomedical, 
physiological and pharmaceutical importance. Stannic arsenate, a weakly 
cation exchanger is preferred since it is easy to buffer the system at the 
desired pH. 
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EXPERIMENTAL 
Reagents and Chemicals 
Stannic chloride pentahydrate (Loba Chemie, India), sodium 
arsenate (Merck), amino acids (Loba Chemie), cellulose powder (E. Merck, 
India) were used. All other reagents used were of A.R. grade. 
Apparatus 
Spectronic 20-D genesys spectrophotometer was used for absorbance 
measurements. 
Detector 
1 % ninhydrin in butanol (saturated with water) was used for the 
detection of all amino acids. 
Preparation of ion exchange materials and TLC plates 
Stannic arsenate was synthesized by adding gradually O.IM aqueous 
solution of sodium arsenate to 0.1 M stannic chloride solution in 0.1 M 
HCl in the ratio of 2:1. The mixture was intermittently shaken during 
mixing and the resulting precipitate was finally left for 24 hours at room 
temperature. The mixture was washed with distilled water several times by 
decantation and then filtered under suction. The product was dried in an 
oven at 50±2 '^ C. The dried product was broken into small granules by 
simply immersing in distilled water. The granules were again washed 
several times with distilled water and finally dried at 50 ^C. The cation 
exchange capacities for Mg^^ Ca^ "^  Sr^^ and Ba^ "^  of the ion exchange 
material were found to be 0.77, 1.04, 1.03 and 1.31 mmol/g respectively. 
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Preparation of TLCplates 
For the preparation of thin layer plates, the granules of stannic 
arsenate were well powdered in a mortar and mixed with cellulose powder 
in 1:4 ratio and 10% CaS04 was used as binder. The slurry of this mixed 
product was prepared in 50 ml of water per 10 g of material and spread 
over glass plate with the help of applicator to obtain a uniform thin layer 
of 0.2 mm. The plates were then dried in an oven at 60 °C. 
Procedure 
For quantitative work 1% solution of amino acid was applied with 
the help of fine glass capillary on the plates. After drying the spots, the 
plates were developed in desired solvent systems at room temperature 
(20±2 °C). The solvents were allowed to ascend a distance of 15 cm from 
the point of application. The developed plates were dried again at 60 °C. 
The locations of amino acids were detected by impregnating the plate 
surface with ninhydrin. HRp results are listed in table 4.1. 
Quantitative separations 
0.05 mL mixture of amino acids was spotted with the help of a 
syringe at the point of application on the plate. The plates were developed 
in appropriate solvent systems in the usual way. The positions of spots 
were detected using ninhydrin reagent. For quantitative separation of a-
amino acids, the plates were developed under identical conditions. The 
same portion of the experimental plate containing the separated fraction of 
the amino acid was scratched and extracted in small portion of water 
(10ml). The supernatant extract is then analyzed for respective amino acids 
spectrophotometrically using hydrindantin-methyl cellosolve reagent (17). 
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RESULTS AND DISCUSSION 
The result of the study reveals that stannic arsenate- cellulose layer 
can be used as a potential material for the separation of amino acids. A 
number of important ternary separations of amino acids have been 
achieved (table 4.2). Ion exchange and adsorption take place 
simultaneously resulting in the differential rate of migration of amino acids 
which consequently enhance the separation possibility. Among the various 
solvent systems studied n-butanol-formic acid-water, isopropanol-acetic 
acid-water and isopropanol-formic acid-water show better resolution. It is 
clear from the table 4.1 that in butanol-formic acid, Rp value in general 
increases as the formic acid concentration in the mixture is increased upto 
the composition butanol-formic acid (5:5). But further increase in formic 
acid concentration in the mixture does not affect the movement appreciably 
with the exception of basic amino acids arginine and lysine. Due to 
differential rate of migration of amino acids in these systems a number of 
important binary separations are possible. Sharp and clear ternary 
separations of amino acids with compact spots have been achieved due to 
fast migration of some amino acids namely threonine, cysteine, alanine, 
valine, lysine, isoleucine, and methionine as compared to others. The 
migration of glycine, tryptophan, aspartic acid and glutamic acid with a 
relative average rate and other amino acids, viz. serine, lysine, arginine 
and ornithine with a slower rate had made the separation possible. It is 
apparent from the Rp data (table 4.1 and fig. 4.1) that propanol-formic 
acid-water, ethyl methyl ketone-ethyl acetate-acetic acid-water and ethyl 
methyl ketone-ethyl acetate-formic acid- water also reflect excellent 
ternary separations, possibility on the layers of stannic arsenate-cellulose 
in comparison to the studies performed on cellulose layer alone. It has also 
been observed that mixing stannic arsenate with cellulose layer 
significantly enhances the quality of the chromatogram in two respects. 
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Firstly the movement of the amino acid in general increases and secondly 
reduces the tailing, resulting in compact spots. This improvement is most 
probably due to the weak cation exchange property of stannic arsenate. In 
the mixed layer the movement of amino acids is governed by ion exchange 
and the simple adsorption simultaneously producing differential migrations 
of the species and thus improves the separation. It has been observed that 
the layers prepared by mixing stannic arsenate with cellulose enhance the 
Rp values of amino acids in general. An interesting aspect of the use of 
stannic arsenate cellulose layer that the selective separations of lysine and 
threonine from a mixture of other amino acids namely valine leucine, 
isoleucine, methionine and tryptophan have been achieved. 
To demonstrate the potentiality of the stannic arsenate-cellulose 
layer for separation of amino acids, quantitative separations have also been 
performed. Utility of these separations have been demonstrated by 
analyzing commercially available drug sample namely alamin forte 
(manufactured by Albert David), a constituent of a number of amino acids. 
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Table 4.1: HRp Values of Amino acids on mixed stannic arsenate-cellulose 
layer(l:4) 
Amino 
acids 
Serine 
Threonine 
Cysteine 
Glycine 
Lysine 
Alanine 
Valine 
Leucine 
Isoleucine 
Tryptophan 
Metheonine 
Aspartic 
acid 
Glutamic 
acid 
Arginine 
Nor-leucine 
Ornithine 
Si 
54 
62 
71 
55 
37 
77 
85 
91 
88 
82 
81 
54 
60 
41 
94 
35 
S2 
33 
49 
76 
44 
24 
66 
86 
94 
87 
75 
70 
41 
69 
30 
96 
15 
S3 
42 
50 
56 
33 
4 
46 
85 
97 
81 
72 
75 
31 
44 
10 
91 
64 
S4 
55 
65 
69 
41 
32 
69 
42 
96 
93 
94 
89 
53 
60 
27 
94 
23 
Ss 
69 
73 
87 
71 
46 
81 
100 
100 
100 
100 
42 
67 
66 
51 
100 
39 
S6 
75 
85 
87 
76 
67 
92 
100 
100 
100 
100 
100 
75 
86 
70 
100 
57 
S7 
25 
62 
65 
31 
12 
69 
100 
100 
87 
46 
77 
41 
47 
09 
100 
07 
Sg 
40 
54 
81 
44 
19 
67 
77 
96 
89 
66 
81 
54 
55 
15 
94 
07 
S9 
06 
08 
16 
05 
0.0 
19 
34 
69 
55 
54 
42 
01 
14 
0.0 
66 
0.0 
Sio 
07 
14 
17 
09 
10 
24 
75 
91 
86 
80 
82 
06 
40 
36 
59 
15 
Sii 
67 
76 
82 
68 
77 
50 
90 
95 
94 
87 
90 
46 
80 
75 
94 
55 
Sl2 
66 
65 
90 
59 
52 
76 
86 
94 
88 
70 
90 
66 
74 
64 
90 
49 
Sl3 
67 
71 
90 
66 
62 
82 
94 
95 
86 
83 
81 
61 
60 
57 
91 
56 
Sl4 
84 
86 
87 
92 
75 
86 
94 
89 
90 
87 
91 
76 
74 
71 
89 
62 
Si=Butanol-acetic acid-water (5:4:1), S2=Butanol-formic acid-water (7:2:1), 
S3=Butanol-formic acid (7:3), S4=Butanol-formic acid (6:4), S5=Butanol-formic 
acid (5:5), S6=Butanol-formic acid (4:6), S7=Isopropanol-acetic acid-water (8:1:1), 
S8=Isopropanol-formic acid-water (7:2:1), S9=Ethyl methyl ketone-ethyl acetate-
acetic acid-water (2:6:1:1), Sio=Ethyl methyl ketone-ethyl acetate-formic acid-
water (2:6:1:1), Sii=Acetonitrile-formic acid-chloroform (1:3:3), Si2=Ethyl methyl 
ketone-acetic acid-water (2:5:1), Si3=Ethyl methyl ketone-formic acid: (5:5), 
Si4=EthyI methyl ketone-acetone-formic acid-water (3:2:3:2). 
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Table 4.5: Quantitative separation of amino acids (lysine and threonine) from a mixture 
of a commercially available drug alamin forte capsule (Albert David Ltd) on 
stannic arsenate-cellulose layer (1:4). 
S.No. 
1. 
2. 
3. 
4. 
Amino 
acid 
in Drug 
Lysine 
Threonine 
Lysine 
Threonine 
Labelled 
amount of the 
drug (mg) 
25 
8.3 
25 
8.3 
Amount 
taken 
(^g) 
25 
8.30 
50 
16.6 
Amount 
found 
(^g)* 
24.75 
8.20 
49.45 
16.35 
%Mean 
Recovery 
±S.D. 
99±0.15 
98.80±0.16 
98.90±0.13 
98.50+0.11 
Solvent 
system 
S3 
* Average of five replicate determination . 
S3 = Butanol-Formic acid 
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Fig. 4.1. Effect of concentration of formic acid on Rp 
values of amino acids 
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Fig. 4.2. Effect of concentration of formic acid on Rp 
values of amino acids 
100 n 
8 0 -
6 0 -
4 0 -
20 
0 
'3 
a=aspartic acid 
b=glutamic acid 
c=methiomne 
d=leucine 
T T 
04 05 
Solvent Systems 
Fig. 4.3. Effect of concentration of formic acid on Rp 
values of amino acids 
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Fig. 4.4 Effect of concentration of formic acid on Rp 
values of amino acids 
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INTRODUCTION 
Antibiotics are the chemical substances produced by micro-organisms 
that can inhibit the growth or even destroy other micro-organism. The first 
antibiotic discovered by Alexander Fleming (1929) from mould penicillium 
notatum was penicillin. Ampicillin and amoxycillin are semi-synthetic 
modifications of penicillin. TLC of antibiotics has been performed by 
various authors (1-7). Several methods for the separation of natural and 
semi synthetic penicillins and their degradation products by TLC have been 
reported. Auterhoff and Keinzler (8) who performed TLC of penicillins 
before and after alkaline hydrolysis. Silanized silica gel was used by 
Overlietel (9) and Thijssen (10) for the chromatographic study of oxacillin, 
cloxacillin, dicloxacillin, flucloxacillin and their derivatives. Wilson et al. 
and Cruceanu (11-12) used silica gel for TLC and later used mobile phase 
described by Nussbaumer (13). L.V. Bystrova (14) reported TLC of 7 
penicillins. Agarwal and Nwaiwu (15) used several spray reagents for 
detection of penicillins. Cai and Changyu (16) studied the TLC of 10 
penicillins. Hendrickx (17) et al. used silica gel and silanized silica gel 
for study of 18 penicillins using 35 mobile phases. This chapter describes 
TLC separation of penicillins using stannic arsenate - cellulose layer and 
new solvent systems and determined penicillins quantitatively by following 
method of Askal et al. (18) using 2,3-dichloro- 5, 6-dicyano-p-
I l l 
benzoquinone as coloring reagent in commercially available single and in 
mixture forms. 
Structures of penicillins 
COOH 
O. 
V-N 
,CH3 
C6H5OCH2CONH' 
Penicillin 
O. 
V-N 
COONa 
.CH3 
CH3 
C6H5CH2CONH' 
Benzyl penicillin 
SHNH2 
I I (GH3)2-C—CHCOOH 
Penicillamine 
COOH 
O. 
O V-N 
,CH3 
CH3 
HO—<, , V - C H - C - N H ' 
NH2 
Amoxycillin 
COOH 
W // 
o 
o 
II 
- C H - C - N H 
NH2 
N 
CH3 
CH3 
Ampicillin 
112 
EXPERIMENTAL 
Reagents and chemicals 
Stannic chloride pentahydrate (Loba Chemie India), sodium arsenate 
(E. Merck, India), cellulose powder (E. Merck, India), ampicillin capsule 
(Cadila), amoxycillin capsule (Moxiwell, Carewel lab. (P) Ltd., 
Penicillamine capsule (Artamin, Biochemie, Austria) benzyl penicillin and 
penicillin vials (Alembic Ltd.) were used. All other reagents used were of 
A.R grade. 
Apparatus 
Spectronic 20-D genesys spectrophotometer was used for absorbance 
measurements. 
Detector 
Iodine was used for the detection of penicillins, 
Preparation of ion exchange material and TLC plates 
As described in chapter 4. 
TLC Procedure 
For qualitative work approximately 0.05 ml solution of respective 
penicillins in methanol was applied at the point of application with the help 
of fine glass capillary. After drying the spots, the plates were developed in 
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desired solvent system by ascending technique. The solvent was allowed to 
ascend up to 15 cm from the point of application in each case. The plates 
were dried in air and then kept in iodine chambers for detection of spots. 
Quantitative separation of penicillins in synthetic mixtures 
Mixture of penicillins was spotted with the help of a syringe at the 
point of application on the glass plate. The plates were developed in usual 
manner. The pilot chromatograms were run under similar experimental 
conditions to ascertain actual positions of the spots on the plates. The same 
portions of the plates were scratched out and the penicillins present in these 
portions were extracted with 10 ml of methanol. The supernatant extract was 
then determined spectrophotometrically at 460 nm using 2,3-dichlorO'5,6-
dicyano-p-benzoquinone (DDQ) reagent. 
RESULTS AND DISCUSSION 
As far as the result of this study concerned thin layer of stannic arsenate 
mixed with cellulose shows differential migration of penicillins studied. As 
a result a number of binary and ternary separations have been achieved on 
this layer. Several solvents have been tried to observe the behaviour of 
penicillin. In most of the solvents either tailing is observed or the spotted 
drug moves alongwith the solvent. The systems in which drugs remain at the 
point of application are butanol-dioxane, methanol-chloroform, acetic acid-
butanol-dioxane, chloroform-acetonitrile, carbon tetrachloride-methanol and 
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chloroform-acetone-acetic acid. The systems in which polarity is slightly 
high in comparison to purely non-polar solvent the drug moves up along 
with the solvent such as acetic acid-carbon tetrachloride, acetic acid-
butanol, pyridine-butanol, phosphate buffer-acetone and methyl cyanide-
water systems. In some systems like ethyl methyl ketone-acetic acid-
chloroform, isopropanol-acetic acid-chloroform and acetone-acetic acid-
chloroform differential movement of drugs is observed. In ethyl methyl 
ketone-acetic acid- chloroform Rp values of penicillin and benzyl penicillin 
are very high while Rp of ampicillin and amoxycillin are too low. 
Penicillamine moves to some extent but with a tailing. In isopropanol-acetic 
acid-chloroform the Rp values of pencillin and benzyl penicillin are very 
high but in the case of amoxycillin, penicillamine and ampicillin tailing is 
observed. However, a slight increase in the amount of chloroform reduces 
the tailing but separations are not possible due to similar Rp values. Clean 
binary and ternary separations have been achieved in acetone-acetic acid-
chloroform and acetonitrile-acetic acid-chloroform. In these solvent systems 
Rp value of benzyl penicillin and penicillin are high, penicillamine traverses 
to the middle, amoxycillin and ampicillin remain almost at the point of 
application. Rp values of amoxycillin and ampicillin are low as compared to 
penicillamine, penicillin and benzyl penicillin in acetonitrile-acetic acid-
chloroform and acetone-acetic acid-chloroform systems. The presence of 
dipolar groups causes retardation in movement of these drugs. This may be 
due to greater interaction of these groups with the exchange material, 
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exhibiting acidic character. These solvent systems have also been chosen 
for selective separation of amoxycillin and ampicillin from a synthetic 
mixture of penicillins. The practical utility of this method has been 
demonstrated in the quantitative separation of penicillin from synthetic 
mixture as well as from commercially available drug megapen vial and 
hipenox capsule (cadila healthcare limited). The percent recovery has also 
been calculated and shown in table 5.4, 5.5 and 5.6. The method has been 
found to be accurate and reproducible. 
116 
Table 5.1: Rp values of penicillins on thin layer of stannic arsenate and 
cellulose (1:4). 
Solvent Systems 
Si 
S2 
S3 
S4 
Ss 
S6 
Sy 
S8 
S9 
Sio 
Sii 
Sl2 
Sl3 
Sl4 
Sl5 
Penicillin 
0.98 
0.98 
1.0 
1.0 
1.0 
0.91 
0.97 
0.94 
0.96 
0.80 
0.92 
0.90 
1.0 
0.15 
1.0 
Benzyl penicillin 
1.0 
0.88 
T 
1.0 
0.98 
0.85 
0.95 
0.96 
1.0 
0.90 
0.91 
0.71 
1.0 
0.20 
0.97 
Amoxycillin 
1.0 
1.0 
1.0 
1.0 
0.97 
0.80 
0.10 
0.08 
T 
0.28 
0.18 
0.13 
0.94 
0.13 
0.11 
Penicillamine 
0.86 
0.87 
T 
1.0 
1.0 
0.92 
T 
T 
T 
0.63 
0.48 
0.62 
0.96 
0.17 
0.27 
Ampicillin 
1.0 
1.0 
T 
1.0 
0.98 
0.91 
T 
0.06 
T 
0.57 
0.17 
T 
0.96 
0.06 
0.07 
T = tailing 
Si = Butanol-acetic acid-water (4:1:1), S2 = Acetonitrile-water (3:5), S3 = 
Phosphate buffer-acetone (3.5:3.5), S4 =Acetic acid-methanol-carbon 
tetrachloride (3:2:2), 85 =Acetic acid-butanol (2:5), Se = Acetic acid-
chloroform-methanol (2:3:2), Sy = Butanol-acetic acid-chloroform (1:2:5): 
Sg = acetone-acetic acid-chloroform (1:1:6), 89= Isopropanol-acetic acid-
chloroform (1:1:6), Sio = Butanol-acetic acid-carbon tetrachloride (1:1:6), 
Sn = Acetonitrile-acetic acid-chloroform(l :1.5:4.5), S12 = Acetonitrile-
acetic acid-carbon tetrachloride(l: 1:5), 813 = Methanol-acetic acid-carbon 
tetrachloride(l : l :6) , S14 = Acetone-acetic acid-carbon tetrachloride (1:1:5), 
Si5= Acetone-acetic acid-chloroform (.5:.5:6). 
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Table 5.2: Binary and ternary separations of penicillins on thin layer of 
stannic arsenate-cellulose layer. 
(Amoxycillin-penicillin) 
(Amoxycillin-benzyl penicillin) 
(Amoxycillin-penicillamine) 
(Ampicillin-penicillin) 
(Ampicillin-benzyl penicillin) 
(Ampicillin-penicillamine) 
Rp (RT RL) 
(0 .33-0 .0 ) (1 .0-0.86) 
(0 .32-0 .0 ) (1.0-0.87) 
(0 .30-0 .0 ) (0.60-0.38) 
(0.25 - 0.06) (1.0 - 0.81) 
(0.36-0.06) (1.0 -0 .86) 
(0.34 -0.05) (0.60 - 0.40) 
Solvent system 
S i i 
Amoxycillin-penicillamine-benzyl 
penicillin 
Amoxycillin-penicillamine-penicillin 
Ampicillin-penicillamine-penicillin 
Ampicillin-penicillamine-benzyl 
penicillin 
(0.24-0.0) (0.36-0.20) (1.0-0.83) 
(0.22-0.0) (0.38-0.19) (1.0-0.87) 
(0.16-0.0) (0.35-0.21) (1.0-0.88) 
(0.17-0.0) (0.36-0.20) (1.0-0.96) 
Sl5 
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Table 5.3: Quantitative Separation of Penicillins using acetone-acetic acid-
chloroform (5:5:6) system. 
S. No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Separations 
achieved 
Amoxycillin 
Ampicillin 
Amoxycillin 
Penicillin 
Amoxycillin 
Benzyl penicillin 
Amoxycillin 
Penicillamine 
Ampicillin 
Penicillin 
Ampicillin 
Benzyl penicillin 
Ampicillin 
Penicillamine 
Amoxicillin from 
ampicillin, penicillin 
benzyl penicillin and 
penicillamine 
Ampicillin from 
penicillin, benzyl 
penicillin and 
penicillamine 
Amount 
taken (fig) 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
Amount 
found(|ig)* 
99.80 
100.00 
99.90 
99.75 
100.00 
99.85 
99.90 
99.85 
100.00 
99.75 
99.70 
100.00 
99.70 
99.85 
99.95 
99.85 
% 
Error 
-.20 
0.0 
-.10 
-.25 
0.0 
-.15 
-.10 
-.15 
0.0 
-.25 
-.30 
0.00 
-.30 
-.15 
-.05 
-.15 
'Average of five replicate determination 
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Table 5.4: Quantitative separation of synthetic mixture of penicillins 
using acetonitrile-acetic acid-chloroform (1:1.5:4.5) system. 
S.No. 
1. 
2. 
3 
4 
5. 
6. 
7. 
8. 
9. 
10. 
Separation 
achieved 
Ampicillin 
Benzyl penicillin 
Ampicillin 
Benzyl penicillin 
Ampicillin 
Benzyl penicillin 
Ampicillin 
Benzyl penicillin 
Ampicillin 
Benzyl penicillin 
Amoxycillin 
Penicillin 
Amoxycillin 
Penicillin 
Amoxycillin 
Penicillin 
Amoxycillin 
Penicillin 
Amoxycillin 
Penicillin 
Amount 
taken (|Lig) 
10.0 
10.0 
18.0 
120 
26.8 
13.2 
36.0 
14.0 
45.0 
15.0 
10.0 
10.0 
18.0 
12.0 
26.8 
13.2 
36.0 
14.0 
45.0 
15.0 
Amount 
found (|Lig)* 
9.85 
9.90 
17.90 
11.9 
26.8 
13.2 
35.7 
13.8 
44.90 
15.0 
10.0 
9.8 
17.80 
11.85 
26.8 
13.10 
35.95 
13.85 
44.90 
14.75 
% 
error 
-1.5 
-1.0 
-1.0 
-1.0 
0.0 
0.0 
-3.0 
-2.0 
-1.0 
0.0 
0.0 
-2.0 
-2.0 
-1.5 
0.0 
-1.0 
-0.5 
-1.5 
-1.0 
-2.5 
'Average of five replicate determination. 
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Table 5.5: Quantitative separation and determination of amoxycillin in 
commercially available drug hipenox capsule (amoxycillin and 
cloxacillin). 
S.No. 
1 
2 
3 
4 
5 
Labelled 
amount 
of drug 
(mg) 
250 
250 
250 
250 
250 
Amount 
loaded (lag) 
10 
15 
20 
25 
30 
Amount 
found (\xg)* 
9.97 
14.83 
19.95 
24.96 
29.66 
%Mean recovery 
±S.D. 
99.67±.08 
98.87±.07 
99.73±.09 
99.85±.13 
98.87±.12 
Solvent 
system 
Sl5 
Table 5.6: Quantitative separation and determination of ampicillin from 
commercially drug megapen vial (ampicillin and cloxacillin). 
S.No. 
1. 
2. 
3. 
4. 
5. 
Labelled 
amount of 
drug (mg) 
125 
125 
125 
125 
125 
Amount 
loaded 
(US) 
10 
15 
20 
25 
30 
Amount 
found 
9.96 
14.83 
19.79 
24.96 
29.94 
%Mean recovery 
±S.D. 
99.64±.09 
98.88±.09 
98.93±.13 
99.83±.08 
99.81±.12 
Solvent 
system 
S,i 
*Average of five replicate determination 
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